Background: Kidney transplantation (KT) is the treatment option for patients with end stage renal disease (ESRD) to prolong survival and improve quality of life. Although the use of potent immunosuppressive agents increases graft survival in kidney transplantation recipients (KTRs), it may lead to the development of malignancy, including transitional cell carcinoma (TCC). TCC developing in the pelvis of graft kidney is very rare in KTRs. Case Presentation: A 40-year-old male visited hospital with complaints of nausea, vomiting and gross hematuria. Eleven years ago, he was diagnosed ESRD of unknown origin, and received a living related KT from his father 1 year later. Radiologic findings showed a huge polypoid mass in the pelvis of graft kidney with pelvo-calyceal dilation and a 3.3 cm-sized nodule in aortocaval chain and a 2.5 cm-sized nodule in right iliac chain as TCC stage IV. Sonography-guided percutaneous needle biopsy of pelvis mass in the graft kidney revealed a low grade urothelial cell carcinoma. Radical graft nephroureterectomy was performed and histopathological diagnosis confirmed as a low grade urothelial carcinoma of graft pelvis and ureter lumen, which invaded to perirenal fat and renal parenchyma with lymphovascular presence (T3Nx). The patient started with adjuvant concurrent chemo-radiation therapy and returned to regular hemodialysis. Conclusions: We report a rare case of TCC in the pelvis of graft kidney with already advanced disease at diagnosis in a young KTR. For the early diagnosis of TCC in KTRs, exposure history to Chinese herb or analgesics should be investigated before KT and high risk population in KTRs should be tightly performed regular postoperative surveillance for TCC and considered of less calcineurin inhibitor-based immunosuppressant protocol.
Background
Kidney transplantation (KT) is the treatment option for patients with end stage renal disease (ESRD) to prolong survival and improve quality of life. Although the use of potent immunosuppressive agents increases graft survival in kidney transplantation recipients (KTRs), it may lead to the development of malignancy. Especially, the risk for non-melanoma skin cancer, hematological neoplasm, renal cell carcinoma, and thyroid cancer is high after solid organ transplantation [1] . Transitional cell carcinoma (TCC) of urinary tract appears more common in KTRs than in general population, varying its incidence from 0.07~1.9% [2] . Most of TCC are located in the bladder in KTRs, whereas TCC developing in the pelvis of graft kidney is very rare [3] [4] [5] . TCC involving graft kidney can progress decreased graft kidney function and loss the graft in KTRs [6] . The validation of risk factors for early diagnosis of TCC of graft kidney is seriously warranted. Here, we present an uncommon presentation of TCC involving graft kidney in a young KTR with review of literatures.
Case Presentation
A 40-year-old male patient visited hospital with complaints of nausea, vomiting and gross hematuria for several days. Eleven years ago, he was diagnosed ESRD of unknown origin, and received a living related kidney transplantation from his father 1 year later. He underwent immunosuppressive agents based on cyclosporine, mycophenolate and corticosteroids. After KT, the patient was performed graft biopsy twice. The 1st biopsy result at 3 months after KT was consistent with acute interstitial nephritis and IgA nephropathy, and 2nd biopsy at 6 years after KT was acute cellular rejection IIb. The graft function had progressively declined to chronic kidney disease stage 4 at the latest visit of the outpatient clinic. At admission, he showed mild fever with body temperature 37.8°C, and complained mild tenderness on graft kidney. Laboratory data showed white blood cell (WBC) 7400 /mm 3 , hemoglobin 8.2 g/dL, and platelet 258,000 /mm 3 , blood urea nitrogen 87 mg/dL, creatinine 11.2 mg/dL, sodium 141 mEq/L, potassium 5.0 mEq/L, and chloride 105 mEq/L. The urinalysis showed protein (++++), occult blood (+++), red blood cell (RBC) >100 /high power field (HPF), and WBC >100 /HPF. There were not decoy cells in urine cytology, and negative BK virus DNA by urine polymerase chain reaction (PCR). Abdominal sonography demonstrated a 7.9 cm-sized intra-pelvic hyperechoic mass causing obstructive pelvocalyceal dilation of graft kidney (Fig. 1a) . Abdominal magnetic resonance image showed a huge polypoid mass of graft kidney with pelvo-calyceal dilation, and there were a 3.3 cm-sized nodule in aortocaval chain and a 2.5 cm-sized nodule in right external iliac chain (Fig. 1b) . There was no invasion to graft ureter orifice and bladder in cystoscopy (Fig. 1c) . Whole body positron emission tomography (PET) showed a high uptake mass (standardized uptake value (SUV) max: 14.9) in graft kidney, and reactive lymph nodes with high uptake in right external iliac chain (SUV max: 9.6) and in aortocaval chain (SUV max: 10.1), and then it proved stage IV TCC (cT3N2M0, Fig. 2 ). Sonography-guided percutaneous needle biopsy of the mass in the pelvis of graft kidney demonstrated a low grade urothelial carcinoma (Fig. 3) . Consecutively, radical nephroureterectomy of renal allograft was performed. The post-operative histopathology report confirmed as a low grade urothelial carcinoma of graft pelvis and ureter lumen, which invaded to perirenal fat and renal parenchyma with lymphovascular presence (T3Nx). The patient started with postoperative adjuvant concurrent chemo-radiation therapy and he returned to 
Discussion
TCC in KTRs has different disease characteristics compared with that in general population or dialysis patients. The incidence of TCC after KT has been estimated at around 3 times higher than general population [2, 6] . TCC in KTRs presents as a higher incidence of locally advanced disease or metastasis, and lower age at diagnosis than general population [6] . Recently, Bo Zhang, et al. showed that TCC in KTRs develops more frequently in upper urinary tract than dialysis population [7] . Although TCC can develop at any location in the urinary tract, only few cases have been reported TCC involving graft kidney in KTRs [3] [4] [5] .
The predisposing factors for TCC in general population are known as old age, male, smoking, chronic exposure to arsenic, chemotherapy such as cyclosphosphamide, radiation, aristolochic acid, Balkan nephropathy, and chronic bladder infections [2, 6, 7] . In KTRs, direct DNA damage by immunosuppressive agents, compromised immune surveillance or viral infection, such as BK virus and human papilloma virus II, may play an important role as possible risk factors of TCC [7, 8] . Interestingly, the incidence of TCC in KTRs in Taiwan and China is relatively high, and the use of aristolochic acid, often presents in some Chinese herbs, has been known as a possible causative factor [9] [10] [11] . Previous reports indicated that both exposure to aristolochic acid and immunosuppressive agents in KTRs might work together, and TCC in KTRs would be similar to clinical characteristics of Balkan nephropathy associated TCC. TCC involving graft kidney is very rare phenomena, but could be expected in endemic circumstance that exposed to carcinogen induced DNA damage status [9] . In our case, he had neither history of Chinese herb or analgesics exposure nor BK virus infection after KT. For more definite explanation for the causative factors, diagnostic indices for aristolochic acid or oncogenic DNA mutation after nephroureterectomy might be helpful, but those were not fusible in our patient.
The most common symptoms of TCC in KTRs are painless gross hematuria and pyuria, and other first symptoms of TCC include acute renal failure, hydronephrosis, and chronic urinary tract infection [6] [7] [8] . Frequent urinary tract infection in KTRs might delay the diagnosis of TCC [6] . In our case, we confused the cause of intermittent gross hematuria for a while because his primary renal disease diagnosed as 1st graft biopsy was IgA nephropathy. The screening for TCC in KTRs is not yet established and early diagnosis of TCC in graft kidney is very difficult. Although our patient had been performed cancer screening tests annually and checked three times of urine cytology and two times of cystoscopy due to intermittent gross hematuria for 2 years before diagnosis of TCC, early diagnosis of TCC was failed.
The surgical treatment modalities of TCC depend on location and muscle invasion of tumor. In case of TCC in upper urinary tract, radical nephroureterectomy including bladder cuff is a standard treatment, and especially in KTRs, radical resection would be standard of treatment even if patient should return to dialysis [2, 6, 8] . Our patient received radical graft nephroureterectomy, and returned to hemodialysis, and then cisplatin-based adjuvant chemotherapy with radiotherapy was performed 6 times under advanced stage. The prognosis of invasive TCC or TCC in upper urinary tract is poor, and most patients of TCC of graft kidney may return to dialysis [6, 8] .
Conclusions
We report a rare case of TCC of graft kidney in a KTR with already advanced disease at diagnosis. In geographic neighboring location to China and Korean culture familiar to Chinese herb, the incidence of TCC in KTRs might be expected to increase. Although we did not elucidate causative risk factors of TCC in our patient, the investigation of exposure history to Chinese herb or analgesics is important to early detect TCC in KTRs. High risk population in KTRs should be tightly performed regular postoperative surveillance for TCC and considered of less calcineurin inhibitorbased immunosuppressant protocol. 
